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Abstract
Objective. The natural distribution and predictive accuracy of Bishop scores was evaluated to predict cesarean delivery (CD) in
nulliparas between 37 and 42 weeks gestation.
Study design. Subjects underwent serial digital cervical examinations. The Bishop score was evaluated as a binary and continuous
factor to predict CD at each gestational week beginning at 37 weeks. Bishop scores were categorized as �5 or 45, and CD rates
were compared across Bishop score categories using chi square or Fisher exact tests at each gestational week beginning at
37 weeks.
Results. In all, 171 patients were prospectively followed. The overall CD rate was 27.5%. The prevalence of unfavorable Bishop
scores, categorized as �5, decreased with increasing gestation age until 41 weeks. CD rates for the cohort with unfavorable Bishop
scores was higher than those with favorable scores at each week. The likelihood ratio for CD was 1.35 2.00, depending on
gestational age. The Bishop score that best predicted subsequent vaginal delivery following expectant management was 43 at 37
weeks and 45 at 39 weeks.
Conclusion. A Bishop score �5 between 37 and 39 weeks gestation predicts a higher CD rate compared to patients with a Bishop
score 45 implying an intrinsically higher CD risk despite expectant management.
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Introduction

Bishop scores have been used to predict the success of labor

induction at term [1]. In addition, vaginal delivery rates

following induction are similar to spontaneous labor when the

preinduction Bishop score exceeds 8 in nulliparas [2].

Retrospective studies evaluating labor induction on nulliparas

with an unfavorable cervix (Bishop score of 8 or less)

demonstrate a two fold higher cesarean delivery (CD) rate

in those who are induced. [3 9]. However, prospective

randomized trials evaluating induction of labor suggest either

no increased risk [10 13] or a lower risk of CD [14].

Unfortunately, the observational studies compared induction

with spontaneous labor instead of expectant management.

The only option for providers or patients is either induction or

expectant management, not spontaneous labor, since neither

the patient nor the provider can ensure this outcome [15].

Evaluation of potential factors for predicting successful

vaginal delivery at term is important since maternal fetal

complications increase at gestational ages beyond 38 weeks

[16]. In addition, characterizing Bishop scores and expectant

management delivery outcomes in term nulliparous patients

may guide management options. Finally, these data could

help design a study evaluating the effect of elective induction

in nulliparas, since the rate of CD in patients expectantly

managed is the appropriate control group rate and avoids

selection bias associated with comparing electively induced

patients with those who present in spontaneous labor.

The purpose of this investigation was to evaluate the

distribution of Bishop scores, the CD rate based on expectant

management by Bishop score and gestational age, and the

ability to predict CD in nulliparas between 37 and 42 weeks

gestation.

Materials and methods

This was an Institutional Review Board (IRB) approved

prospective observational study. Potential study participants

were identified between 34 and 37 weeks gestation. Study

enrollment began in May 2005 and continued through the

proscribed cutoff of March 2007. Individuals who met the

following inclusion criteria were offered enrollment: no known

indication for scheduled delivery, nulliparous, singleton gesta

tion, cephalic presentation, age 18 to 40 years, no known fetal

anomaly, no contraindication to labor or vaginal delivery, intact

amniotic membranes, reliable for follow up. After informed

consent, enrolled subjects were examined at each subsequent

routine clinic visit beginning not earlier than 37 weeks gestation.

A standardized Bishop scoring data sheet was used and com

pleted immediately following the examination. Examinations
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were repeated at each visit until delivery. The Bishop score was

calculated at each examination using the cervical dilation,

effacement, consistency, position, and station [1]. The cervical

assessments were performed by the particular staff or resident

obstetrician conducting the office visit with the patient and the

previous Bishop score was not available to this examiner.

Delivery data were collected for each participant and categor

ized as either a vaginal or CD. Deliveries that occurred vaginally

with use of forceps or vacuum assistance were categorized as

vaginal deliveries. Expectant management was defined as

weekly routine obstetric visits and delivery planned only for

the development of maternal or fetal indications or by 42 weeks

gestation.

Using a logistic regression to determine the odds ratio

(OR), the Bishop score was evaluated as both a binary and a

continuous factor to predict CD at each gestational week

beginning at 37 weeks. For the binary evaluation, Bishop

scores were categorized as �5 or 45 as this Bishop score

cutoff was previously studied in our institution and found to

be clinically useful in distinguishing a favorable from an

unfavorable cervix [13]. Using this binary categorization, CD

rates were compared across Bishop score categories using the

chi square and Fisher exact test at each gestational week

beginning at 37 weeks. The Bishop score at a given

observational window was used to evaluate subsequent CD

at any time following this window. The sensitivity, specificity,

positive and negative likelihood ratios, and positive predictive

value (PPV) and negative predictive value (NPV) of the

Bishop score was determined. A receiver operator character

istic (ROC) curve was also created to further evaluate Bishop

score as predictor of CD across multiple potential cut off

values. The p values were calculated to test the null hypothesis

that the area under the ROC curve was less than or equal to

0.5 (indicating a useless predictor). For all hypothesis tests, a

p value of less than 0.05 was considered statistically signifi

cant. A priori sample size calculation for this study was not

performed as the actual incidence of Bishop scores and degree

of change across a range of gestational ages was unknown at

the time of protocol preparation.

Results

Three hundred and seventeen patients were identified for

possible enrollment between 34 and 37 weeks gestation. Of

these, 233 rendered their consent for participation and 84

declined enrollment. Following enrollment, 62 additional

patients were excluded. Reasons for exclusion included

withdrawal of consent, failure to present for follow up beyond

37 weeks, and delivery prior to 37 weeks. Subjects were also

withdrawn from the evaluation if they did not meet inclusion

criterion following enrollment but before 37 gestational weeks

(i.e., developed an indication for induction or primary CD

after enrollment but before 37 weeks gestation). There were

171 evaluable patients who delivered after 37 gestational

weeks and for whom cervical examination and delivery data

were available at the completion of the study (Figure 1).

The mean maternal age was 23.6 years (SD¼ 4.1) and the

mean gestational age at enrollment was 37.6 weeks (SD¼
0.6). Eighty patients had their first Bishop score assessment at

37 weeks gestation and 91 had their first Bishop score

assessment at 38 weeks gestation. Thirty five percent (59/171)

of patients required induction of labor after enrollment due to

the development of a maternal or fetal indication. Specifically,

69% of inductions were for postdatism (41 weeks or greater),

19% were for pregnancy induced hypertension, 7% for

premature rupture of membranes, and the remaining 5% (1

patient each) for unremitting backpain, oligohydramnios, and

nonreassuring fetal heart tracing. The overall CD rate was

27.5% (47/171). The CD rate of those patients who required

induction of labor compared to those who presented in

spontaneous labor was 42.4% (25/59) versus 19.6% (22/112).

The CD rate at each gestational week was 25.0% (2/8) at 37

week, 25.9% (7/27) at 38 weeks, 31.1% (19/61) at 39 weeks,

19.6% (9/46) at 40 weeks, and 38.5% (10/26) at 41 weeks.

Only one patient in the study delivered at 42 weeks gestation

and this delivery occurred vaginally. All patients included in

this evaluation delivered between 37 and 42 gestational weeks,

with the highest percentage (36.1%) delivering at 39 weeks.

Ninety one percent of patients had an ultrasound examination

performed at �20 weeks gestation and 52% had an ultrasound

examination performed at less than 13 weeks gestation

confirming gestational age. Last menstrual period dating

and an ultrasound examination performed at greater than

20 weeks gestation were used to assess gestational age in the

remaining 9% of patients.

ROC curves evaluating the relationship between Bishop

scores by gestational age and subsequent CD were created for

each gestational week from 37 to 40. The ROC curves at 37

and 39 weeks demonstrated the largest area under the curve at

0.77 and 0.73, respectively (Figures 2 and 3), and both were

statistically significant (p5 0.0001). The Bishop score that

best predicted subsequent vaginal delivery following expectant

management was 43 at 37 weeks and 45 at 39 weeks. The

sensitivity of a Bishop score of 3 at 37 weeks was 80% and for

a Bishop score of 5 at 39 weeks was 73%.

The prevalence of unfavorable Bishop scores, defined as

those scores �5, decreased with increasing gestation age until

41 gestational weeks. At 37 gestational weeks, 71.3% [57/80,

95% confidence interval (CI): 60.5 80.0] of enrollees had a

Bishop score �5. The rate was 63.7% (79/124 95% CI: 55.0

71.6) at 38 gestational weeks, 46.6% (48/103, 95% CI:

37.3 56.2) at 39 gestational weeks, 40.4% (23/57, 95% CI:

Figure 1. Study enrollment.
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28.6 53.3) at 40 gestational weeks, and 44.0% (11/25, 95%

CI: 26.7 62.9) at 41 gestational weeks.

CD rates for the cohort with Bishop scores �5 was higher

than for the cohort with Bishop scores 45 at each gestational

week, based on the gestational age at Bishop score evaluation.

The CD rate was statistically significantly increased by more

than two fold at 37, 38, and 39 gestational weeks (Figure 4).

As a binary factor to predict CD, a Bishop score �5 at 37

gestational weeks had an OR of 6.6. This OR decreased with

advancing gestational age (Table I). As a continuous factor to

Figure 2. ROC curve for CD based on Bishop score at 37 weeks gestation (n 80). Points on the curve are values of Bishop score. Approximate

area under the curve 0.771 (standard error 0.056).

Figure 3. ROC curve for CD based on Bishop score at 39 weeks gestation (n 102). Points on the curve are values of Bishop score. Approximate

area under the curve 0.731 (standard error 0.056).

Predictive value of nulliparous Bishop score 3
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predict CD, each unit increase in the Bishop score decreased

the risk of CD. The effect of increased Bishop score varied by

gestational week, with the lowest OR (the highest incremental

reduction in CD rate with each unit increase in the Bishop

score) occurring at 37 gestational weeks (Table II).

The sensitivity, specificity, positive and negative likelihood

ratios, and PPVs and NPVs for the Bishop score �5 as a

predictor of CD was calculated by gestational week

(Table III).

Discussion

The percentage of nulliparas with a Bishop score �5 decreases

after 37 gestational weeks. A Bishop score �5 at any

gestational age beyond 37 weeks predicts a higher CD rate

compared to patients with a Bishop score 45 and the OR of

eventual CD is highest (OR¼ 6.6) when the Bishop score is

�5 at 37 gestational weeks. At this gestational age, each unit

increase in the Bishop score has the greatest impact on

reducing the risk of CD (OR 0.60).

Patients with Bishop scores �5 had CD rates that were 2 to

4 times greater than those with Bishop scores 45, depending

on gestational age. Specifically, the probability of subsequent

CD with a Bishop score of �5 at 39 weeks is 44% compared to

15% (p5 0.05). This implies an intrinsically higher CD risk

in patients with unfavorable Bishop scores at this gestational

age, despite expectant management, and may explain why

previously published observational studies demonstrate a two

fold increased risk of CD in patients induced with an

unfavorable cervix [3 9]. These studies compared patients

induced with an unfavorable cervix to those who presented in

spontaneous labor and thus with a favorable cervix. Our data

confirm that patients who are admitted in spontaneous labor

have approximately one half the CD rate of those who require

induction of labor for a maternal or fetal indication. However,

if elective induction were instead compared to expectant

management (whose probability of CD is greater than two

fold higher among those with an unfavorable cervix compared

to those with a favorable cervix) the two groups may show no

difference in CD rates since in our study, 35% of patients

expectantly managed ultimately required an induction of labor

resulting in a 42% CD rate in this group.

It is also possible that by continuing expectant management

beyond 39 weeks gestation, the likelihood of CD may actually

increase over those patients electively induced since numerous

factors which may increase the risk of CD also increase with

advancing gestational age such as birth weight, placental

insufficiency, oligohydramnios, and preeclampsia.

The strengths of our study include the prospective design

and the follow up and evaluation of only those patients at term

that had no plan for an indicated induction of labor at 37 weeks

gestation. All patients were expectantly managed, meaning that

routine obstetric care was provided with weekly visits and

delivery planned only for the development of maternal or fetal

indications or by 42 weeks gestation. In addition, elective

induction of labor is not performed in our institution; therefore,

this study is not confounded by this management. Patients only

underwent an induction of labor for clinical indications.

Adequate numbers of patients also permitted stratification of

delivery outcome based on Bishop score and gestational age at

examination. Finally, confirmation of gestational age by an

ultrasound examination at less than 20 weeks gestation was

performed on greater than 90% of patients.

The limitations of this study include the fact that multiple

examiners were used to document the Bishop score and

interobserver variation in examinations was not performed.

However, all providers were experienced upper level residents

or attending physicians and a standardized Bishop scoring

sheet was used and completed immediately following the

examination. Proscribed clinical indications for induction and

labor management for each patient studied were not

specifically delineated for this study and were left up to the

discretion of the attending physician. However, our large

Table II. Using Bishop score as a continuous factor to predict CD.

Gestational age (weeks) OR 95% CI

37 (n 80) 0.59 0.44 0.88

38 (n 124) 0.85 0.72 1.01

39 (n 102) 0.72 0.59 0.87

40 (n 57) 0.79 0.61 1.03

41 (n 25) 0.86 0.62 1.19

Table III. Sensitivity, specificity, positive (LRþ) and negative (LR )

likelihood ratios, and PPV and NPV for Bishop score �5 as a

predictor of CD in expectantly managed nulliparous.

Gestational age

(weeks) Sensitivity Specificity LRþ LR PPV NPV

37 (n 80) 91.7 37.5 1.47 0.22 38.6 91.3

38 (n 124) 78.8 41.8 1.35 0.51 32.9 84.4

39 (n 102) 72.4 63.5 1.98 0.43 43.8 85.5

40 (n 57) 66.7 66.7 2.00 0.50 34.8 88.2

41 (n 25) 60.0 66.7 1.80 0.60 54.6 71.4

Table I. Using Bishop score �5 as a binary predictor for CD.

Gestational age (weeks) OR 95% CI

37 (n 80) 6.60 1.41 31.0

38 (n 124) 2.66 1.05 6.77

39 (n 102) 4.56 1.78 11.72

40 (n 57) 4.00 1.04 15.44

41 (n 25) 3.00 0.57 15.77

Figure 4. CD rate for enrollees with Bishop scores �5 compared to

those with Bishop scores 45 by gestational age at assessment of score.

Sample size by gestational age: 37 weeks, N 80; 38 weeks, N 124;

39 weeks, N 103; 40 weeks, N 57; 41 weeks, N 25 (*p5 0.05,

**p 0.05).

4 P. E. Nielsen et al.
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group practice has no ‘private patients’ and all clinical

decisions are made based on a generally standardized practice

pattern with residents managing patients supervised by an in

house attending obstetrician. This fact minimizes variation in

our clinical practice for both antepartum and intrapartum

patients. Another limitation of this study may be that the

incidence of CD is related to other factors besides the cervical

Bishop score to include body mass index or the presence of

gestational diabetes and other medical conditions. However,

to our knowledge the strongest predictor of vaginal birth is the

cervical condition prior to induction or at presentation in

labor, and other maternal or fetal comorbidities are not clearly

established modifiers of cervical ripeness [17]. It would have

been optimal to know which women progressed to active labor

(4 cm) but we unfortunately did not collect this data. Finally,

women were enrolled prior to 37 weeks gestation (between 34

and 37 weeks gestation) to provide cervical examination data

for the study by this gestational age. Failure to present for care

beyond 37 weeks or preterm birth were the most common

reasons for exclusion.

This study provides important data for further evaluation of

the effect of elective induction of labor compared to expectant

management at term. A recent review of this subject and the

accompanying clinical commentary highlighted the need for

current studies evaluating elective induction of labor at or

beyond 39 weeks gestation since there are no recent reports

that adequately define the effects of elective induction of

nulliparous patients [15,18]. In fact, well designed rando

mized clinical trials of elective induction of labor versus

expectant management at 39 weeks and beyond that are

adequately powered to assess important subgroups such as

parity and Bishop score at randomization was a specific

request of this editorial [18]. Until further data clarifies the

effects of elective induction of labor at or beyond 39 weeks

gestation, this clinical management should only be offered

under an institutional review board approved protocol and

elective induction of labor prior to 39 weeks gestation should

never be performed or offered if amniotic fluid analysis does

not confirm fetal lung maturity because of increased neonatal

morbidity.
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